Ginkgo biloba (Gb) has demonstrated antioxidant and vasoactive properties as well as clinical benefits in several conditions such as ischemia, epilepsy, and peripheral nerve damage. Additionally, Gb is supposed to act as potential cognitive enhancer in dementia. So far, several trials have been conducted to investigate the potential effectiveness of Gb in neuropsychiatric conditions. However, the results of these studies remain controversial. We conducted a systematic review and a meta-analysis of three randomised controlled trials in patients with schizophrenia and eight randomised controlled trials in patients with dementia. Gb treatment reduced positive symptoms in patients with schizophrenia and improved cognitive function and activities of daily living in patients with dementia. No effect of Gb on negative symptoms in schizophrenic patients was found. The general lack of evidence prevents drawing conclusions regarding Gb effectiveness in other neuropsychiatric conditions (i.e., autism, depression, anxiety, attentiondeficit hyperactivity disorder, and addiction). Our data support the use of Gb in patients with dementia and as an adjunctive therapy in schizophrenic patients.
Introduction
Ginkgo biloba (Gb) is one of the most ancient seed plant, often referred to as a "living fossil. " This large tree may live over 1000 years and reach 40 m of height. Originally native to China, Gb is now cultivated worldwide. Extract from Gb leaves has been used in traditional Chinese medicine for centuries to treat circulatory disorders, asthma, tinnitus, vertigo, and cognitive problems [1] . Today, Gb extracts are one of the most commonly taken phytomedicines globally [2] and are often prescribed in Europe as a nootropic agent in old age and dementia [3] . Of note, since 2000, Gb extract is included in ATC-classification as an anti-dementia drug together with cholinesterase inhibitors and memantine [4] . Gb extract contains mainly terpenoids, flavonol glycosides, and proanthocyanidins. The most prevalent of these three groups are the flavonol glycosides (quercetin, catechin). The terpenoids include ginkgolides and bilobalides, which represent unique components of Gb. Terpenoids, flavonoids and proanthocyanidins are thought to be responsible for the pharmacological properties of Gb [1] . On the basis of animal studies, several mechanisms have been proposed to explain the pharmacological properties of this plant: extract from Gb leaves inhibits platelet-activating factor [5] and enhances NO 2 Evidence-Based Complementary and Alternative Medicine production in vessels, with subsequent effect on peripheral and cerebral blood flow [6] . Gb extract is thought to module different neurotransmitter systems: it is a strong inhibitor of monoamine oxidase A and synaptosomal uptake of DA, 5-HT, and norepinephrine [7] [8] [9] . Additionally, Gb displays a free radical scavenger activity and has neuroprotective and antiapoptotic properties, such as inhibition of amyloidneurotoxicity and protection against hypoxic challenges and increased oxidative stress [10] [11] [12] . Several previous reviews have been mainly focused on the potential efficacy of Gb in dementia. However, inconsistent and controversial results have been reported [13] [14] [15] [16] . On the other hand, to date no systematic review has been conducted on the effect of Gb on neuropsychiatric disorders other than dementia. Therefore, we aimed to perform a systematic review on the effects of Gb in different psychiatric conditions.
Methods
In April 2012, we searched the following databases: MED-LINE, EMBASE, PsycINFO, and the Cochrane Database of Systematic Reviews. The search terms were as follows: ginkgo biloba (gingko biloba; ginkgo; ginko; gingko; bilobalid * ; egb 761) and dementia (dementia OR cognitive impairment OR Alzheimer), autism (autism OR autistic spectrum disorder), schizophrenia (schizophrenia OR psychosis OR psychotic disorder OR delusion), depression (depression OR major depression OR depressive symptom), anxiety (anxiety OR generalized anxiety disorder OR anxious), attentiondeficit/hyperactivity (ADHD) (attention deficit disorder OR ADHD or attention deficit OR hyperactivity), and addiction. All search terms were searched individually in each database and combined together. The search strategy had no time restriction but was limited to articles in English, Italian, French, Spanish, and German. Additionally, all recovered papers were reviewed for further relevant references. Researchers in the field were reached to obtain additional or unpublished data, if available.
We selected controlled randomized clinical trials, yielding primary results on the effects of the administration of Gb extracts in neuropsychiatric patients. Every neuropsychiatric disorder was defined according to internationally valid diagnostic criteria such as the International Classification of Diseases (ICD) or the Diagnostic and Statistical Manual of Mental Disorders (DSM). Other inclusion criteria were a minimum number of participants of ten per group, a treatment period of at least 6 weeks, and the availability of a full-text publication. Of note, all the included studies in the meta-analysis were conducted using the standardized Gb extract Egb 761, which is the most commonly used form of Gb [17] .
Two researchers (NB and SR) independently reviewed all information about the articles provided by the databases. Any discrepancies were solved by consensus. We assessed the quality of the study design, duration of the study, comparability of study groups, and clinical outcomes on different widely used rating scales.
The following rating scales were accepted for clinical outcomes: (1) dementia: cognition: Syndrom-Kurz test (SKT) [18] , Alzheimer's Disease Assessment Scale, cognitive subscale (ADAS-cog) [19] ; activities of daily living (ADL): Alzheimer's Disease Activities-of-Daily-Living International Scale (ADL-IS) [20] , Geriatric Evaluation by Relatives Rating Instrument (GERRI) [21] , Gottries-Bråne-Steen-Activities of Daily Living (GBS-ADL) scale [22] , Nürnberger AltersAlltagsaktivitäten-Skala (NAA), and Nürnberger AltersBeobachtungsskala (NAB) [23] ; (2) schizophrenia: Scale for the Assessment of Positive (SAPS) [24] and Negative (SANS) Symptoms [25] , Brief Psychiatric Rating Scale (BPRS) [26] , (3) autism: Aberrant Behavior Checklist-Community (ABC-C) [27] ; (4) Attention-Deficit/Hyperactivity Disorder (ADHD): Parent and Teacher ADHD Rating Scale-IV [28] , Conners' Parent Rating Scale-Revised [29] ; (5) anxiety: Hamilton Rating Scale for Anxiety (HAMA) [30] , State-Trait Anxiety Inventory (STAI) [31] ; and (6) tardive dyskinesia: Abnormal Involuntary Movement Scale (AIMS) [32] .
When it was possible, data were pooled by means of metaanalysis. Effect measures on rating scales were expressed as standardized mean differences (SMDs) with the 95% CIs. A random-effects model (DerSimonian-Laird) was used to calculate a pooled effect estimate, because of heterogeneity. A value <0.05 was regarded as statistically significant. Heterogeneity of effect sizes was evaluated by the 2 statistic. An alpha error < 0.05 and/or 2 of at least 50% were taken as indicators of substantial heterogeneity of outcomes. If metaanalyses were not possible, the results of individual studies are presented. Meta-analyses were performed using MetaAnalyst and RevMan 5 for all calculations [33] .
Results
Our literature search identified 1109 clinical publications. After the title/abstract screening, 113 publications were obtained for detailed evaluation (Figure 1 ). Summary of the final articles included is shown in Table 1 . Overall, the methodology of the included studies was good (Figure 2 ).
Autism.
A recent study involving 47 children with a DSM-IV-TR diagnosis of autism was identified [34] . Patients were randomly assigned to receive either Gb or placebo in adjunction to risperidone. The primary outcome was the ABC-C scale. There was no statistically significant difference between the two groups according to the aforementioned subscale. Thus, Gb seemed to be not an efficacious adjunctive therapy to risperidone. However, it appeared to be safe and well tolerated even in childhood.
ADHD.
Salehi et al. [35] reported a double-blind trial of Gb versus methylphenidate in 50 ADHD patients. The investigators reported that Gb had no comparable efficacy in comparison with methylphenidate. Even if Gb determined significantly few side effects (especially insomnia and loss of appetite), methylphenidate determined a dramatic improvement in a range of symptoms.
Addiction.
Only one double-blind randomized controlled study had been conducted so far involving 44 DSM-IV cocaine-dependent men and women [36] . Each participant randomly received either piracetam, Gb, or placebo. The primary outcome was the relapse from abstinence (measured as self-reported relapse, treatment dropout, or positive urine toxicology screening). At the end of the study, no significant differences were observed between the three groups.
Generalized Anxiety Disorder (GAD).
Only one study investigating the effects of Gb on GAD fulfilled the review criteria [37] . In 2007, 82 patients were randomly treated with Gb extract, at the dose of 480 mg/die ( = 27) or 240 mg/die ( = 25), or with placebo ( = 30). The primary outcome was represented by change on the HAMA scale (response defined as a reduction in HAMA total score of at least 50%). The authors reported a significant improvement in psychopathological symptoms. Response rates were 44% in the high-dose group, 31% in the low-dose group, and 22% with placebo. Additionally, the percentages of clinically significant responses were 81%, 67%, and 38% for the high-dose, the low-dose, and the placebo groups, respectively. Of note, there was a significant inverse dose-response relationship between the dose per Kg and the HAMA score. The safety of Gb extract appeared good.
Tardive Dyskinesia.
Recently, Zhang et al. [38] evaluated Gb extract as a potential treatment for tardive dyskinesia in patients with chronic schizophrenia. One hundred and fiftyseven patients were randomized to Gb extract ( = 78, 240 mg/die) or placebo ( = 79) for 12 weeks. All participants were on antipsychotic medication (chlorpromazine equivalents were comparable between the two groups). Tardive dyskinesia severity, which represented the primary outcome of the study, was assessed by means of the Abnormal Involuntary Movement Scale (AIMS). A significant improvement was found in the Gb group in the AIMS score. It is interesting to note that, the percentage of responders (according to a decrease of at least 30% in the AIMS) was significantly higher in the treatment group (51.3% versus 5.1%). Despite the significant effect of Gb on movement symptoms, no significant effect of group was observed for psychopathological symptoms (representing a secondary outcome of the study), as both groups showed an improvement over time.
3.6. Schizophrenia. Three randomized clinical trials evaluating Gb extract in patients with schizophrenia were included in the analysis [39] [40] [41] . Two studies were double-blind and placebo controlled. Randomization procedure and methodology were considered adequate in all cases. Gb was used as an adjunctive therapy to different antipsychotics: clozapine (Doruk et al.) [39] , haloperidol (Zhang et al.) [40] , and olanzapine (Atmaca et al.) [41] . Mean chlorpromazine equivalent doses were comparable in the first two studies (8.3 and 8.4, resp.), while the third one used lower chlorpromazine equivalent doses (3.3). All studies included only patients with chronic schizophrenia. All three trials used SANS and SAPS (ratings for this scale were however available only in two studies) as outcome measures for clinical improvement. Change scores for SANS ranged from −7.9 to −3.5 in the Gb groups and from −2.7 to 5.3 in the placebo groups, whereas change scores for SAPS ranged from −9.4 to −4.3 in the Gb groups and from −3.8 to −0.7 in the placebo groups. Standardized mean differences for SANS score were greater for Gb than for placebo, with SMD = −2.09 (95% CI −4.34; 0.148, = 5.52) (Figure 3) but not significant. Heterogeneity was substantial ( 2 = 97%). To perform sensitivity analysis, we decided to remove the study from Atmaca et al. which used lower chlorpromazine equivalent, in order to determine the impact of this trial on the results. Removing this trial did not significantly change our findings. After excluding this study, the SMD for negative symptomatology was −2.74 (95% CI −5.97; 0.48, = 0.10). Heterogeneity remained substantial ( 2 = 98%).
For SAPS, standardized change scores were significantly greater for Gb than for placebo, with SMD = −2.89 (95% CI −5.39; −0.38, = 3.46, = 0.001) (Figure 4) . Heterogeneity was substantial ( 2 = 92%).
3.7.
Dementia. Ten studies fulfilled the inclusion criteria: meta-analysis was performed only on eight studies [42] [43] [44] [45] [46] [47] [48] [49] which were comparable for clinical purposes. Eight studies were placebo controlled, while two studies were a headto-head trial with donepezil as comparison group [50] or a triple-blind study with Gb, donepezil, and placebo [51] . The very different dosages of Gb and donepezil rendered meta-analytical examination unfeasible in the latter studies. All studies were randomized, double-blind trials. Overall, the methodological quality of the included studies was judged as adequate, with most studies using an intent-totreat analysis. All studies considered the administration of a standardized extract (EGb761) in patients with Alzheimer's disease, but some sample groups also included patients with vascular dementia. In all included trials a standardized extract (EGb761) was used. For meta-analysis, we focused on the effect of Gb on cognition and ADL. Cognition was measured in two studies with the ADAS-cog [44, 47] , whereas in the remaining six studies the SKT was applied. Mean differences for ADAS-cog varied between −0.3 and 1.3 in the Gb groups and from 0.9 to 1.0 in the placebo groups. Change scores in SKT ranged from −3.2 to −0.8 in Gb treated patients and from −1.2 to 1.3 in the placebo groups. Standardized mean differences were higher for Gb than for placebo, with SMD = −0.56 (95% CI −1.026; −0.095, = 0.001) ( Figure 5 ). Of note, heterogeneity was substantial ( 2 = 96, 1%). If only studies using SKT were considered, we still observed an advantage for Gb compared to placebo, with SMD = −0.72 (95% CI −1.28; −0.017, = 0.001): heterogeneity remained substantial ( 2 = 96%). If we considered studies using ADAS-cog, Gb was not different from placebo, with SMD = −0.05 (95% CI −0.41; 0.30, = ns).
Heterogeneity remained substantial ( 2 = 81%). To perform sensitivity analysis, we tried to remove the older trials in which the quality of methodological design was not as high as in most recent studies. After excluding these trials [47] [48] [49] , our results did not significantly change (SMD = −0.49 (95% CI −0.59; −0.40), = 0.001); of note, heterogeneity became higher ( 2 = 98%). ADLs were measured with different scales. Two studies used the ADL-IS [42, 43] , two studies used the GERRI [47, 49] , one study used the GBS-ADL subscale [44] , one study used the Nürnberger Alters-Alltagsaktivitäten-skala (NAA, self-assessed) [46] , and one trial used the Nürnberger AltersBeobachtungsskala (NAB, caregiver rated) [49] . Mean differences varied in the Gb and the placebo groups between −1.9 and −0.05 and between −0.4 and 0.9, respectively. There was a significant difference in ADL standardized change scores between Gb and placebo, with SMD = −0.598 (95% CI −0.954; −0.251, = 0.001) (Figure 6 ). Of note, we found substantial heterogeneity ( 2 = 98%). If only studies using the same scale were pooled together, we still observed a difference between Gb and placebo, favouring Gb, for the ADL-IS (SMD = −1.06 (95% CI −1.21; −0.90), = 0.001) ( 2 = 99%). No difference between the two groups was observed for the GERRI (SMD = −0.04 (95% CI −0.10; 0.02), = 0.15) ( 2 = 72%). The two trials performing a comparison between Gb and donepezil reported no statistically significant differences between the Evidence-Based Complementary and Alternative Medicine 9 cholinesterase inhibitor and Gb in treating mild to moderate dementia. Both studies showed comparable treatment time, but the study of Ihl et al. [52] used significantly lower dose of both donepezil (5 mg instead of 10 mg/die) and Gb (160 mg versus 240 mg/die).
Discussion
The effect of Ginkgo biloba has been studied in a variety of neuropsychiatric conditions. However, the general lack of evidence prevents drawing conclusions regarding Gb effectiveness in many neuropsychiatric conditions, such as autism, ADHD, addiction, GAD, and tardive dyskinesia. Of all the psychiatric disorders reviewed, dementia has been the most extensively studied. Our meta-analysis of eight studies in dementia showed that Gb differed significantly from placebo, providing beneficial effects both in cognition and activities of daily living. Our results are consistent with a recent metaanalysis [13] on the effect of Gb on cognition. On the other hand, we found a significant difference between Gb and placebo for activities of daily living in patients with dementia which were not significant in the aforementioned report [13] . This difference may be at least in part due to the inclusion of a very recent study, yielding significant positive results in this area of functioning. We decided to pool together studies using different scales evaluating the same domain (i.e., SKT and ADAS-cog for cognition). Considering cognition, it has been reported that both ADAS-cog and SKT could be statistically compared [52] . Additionally, even if we separated the two scales, the beneficial effect of Gb remained evident at least for the SKT. Of note, we did not observe a significant improvement in heterogeneity. Considering the activities of daily living domain, there is a lack of studies using the same outcome scale; thus, we pooled together different questionnaires (measuring the same area) in order to improve power. However, if we considered only trials using the same outcome scale, we still observed a beneficial effect of Gb in the ADL-IS. Although there is clear heterogeneity, we were unable to explain it. Sensitivity analysis excluding trial with poorer methodological quality did not explain the heterogeneity. Under these circumstances, we dealt with the existence of heterogeneity using a random-effect model.
Notwithstanding the shortage of specific studies, available evidence also supports the use of Gb in chronic schizophrenia. In particular, Gb seems to exert a beneficial effect on positive psychotic symptoms. No significant effect on negative symptoms has been observed. Even if the three included studies were similar in design (inclusion/exclusion criteria, time, and Gb dosage), all patients were on antipsychotic medication. In particular, we performed sensitivity analysis excluding one study with different chlorpromazine equivalents. In fact, the study from Atmaca et al. used a lower dosage of chlorpromazine equivalent, even if the mean dose (16.8 mg/day) of the administered drug (olanzapine) was clinically appropriate. However, heterogeneity was not modified.
The beneficial effect of Gb in both dementia and chronic schizophrenia is however modest. Particularly, the mean effect observed in cognition is sometimes lower than what is considered clinically meaningful [52] . However, Gb was equal to donepezil in two recent clinical trials, thus potentially providing an evidence for its use in dementia, which to date could be treated with few pharmacological agents. Of note, Gb is generally used as an adjunctive therapy in schizophrenia, not as a first-line intervention, and, thus, even a small additional improvement could be valuable. Notably, all trials demonstrated an excellent safety profile for Gb.
Limitations should caution against overinterpretation of the findings. The included studies showed high heterogeneity, which could possibly have biased our results. Additionally, whether longer trials would yield more significant results in dementia and schizophrenia remains to be seen. Another potential limitation is that even though our search was systematic and rigorous, we could have missed eligible studies inadvertently.
Conclusion
Despite the heterogeneity of the clinical trials, available evidence is sufficient to support the use of Gb in patients with dementia and as an adjunctive therapy in schizophrenic patients. Despite the promising results, broad recommendations for the use of Gb in other neuropsychiatric conditions, such as ADHD, autism, and AD are still premature. A better understanding of the mechanisms of Gb effect in these conditions may be useful as well as linking Gb beneficial effects with other types of data such as fMRI or SPECT imaging. It should be considered to run major multicenter studies in order to shed more light on the effectiveness of Gb in dementia subgroups and schizophrenia. Hopefully, the design of the study should use currently available level of treatment and care, in order to provide a broader generalizability of the results.
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